In considering the factors which determine the composition of tobacco smoke, it is acknowledged that one of the major influences is the effect of the use of filters on cigarettes. In earlier days it was widely but erroneously held that filters had a very limited effect on the composition of tobacco smoke, and that in fact they tended to remove a uniform quantity of everything from the smoke. In recent years, however, it has become more generally realized that filters can have a selective effect on smoke, that is that the percentage removal of all the constituents need not be the same for any one cigarette filter combination. Hoffmann and Wynder (1) for example, demonstrated that the percentage of phenol removed by a cellulose acetate filter containing certain additives was much greater than the percentage of nicotine removed by the same filter at the same time. Others (2., 3, 4, 5) have demonstrated the effect of the use of adsorbent additives in filters, which again causes selective removal of a different range of compounds. As this field of investigation is of particular interest to us we have spent a considerable amount of time investigating suitable methods for studying the selective action of filters and we shall review here some of the results obtained. In the first part of the paper we have used modifications of standard methods to determine chemically and spectrophotometrically the efficiencies of a range of filters towards each of five specific compounds in the smoke (Figure 1 ), whose boiling points are widely distributed over the range of smoke constituents. However, there are a very large number of 
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volatile sub-fractions of whole smoke (6, 7, 8, 9, 10,.11, 12) but the particular method we wish to describe has-been devised to avoid handling of the smoke and to avoid loss of what we might term semi-volatiles, that is those substances which are retained on a Cambridge Filter but which can be volatilized from it.
The object of this presentation is to make use of the information obtained by the two methods mentioned to examine how a variety of single and ·dual filters modifies the smoke produced. For this purpose we prepared six basic types of filters and from these we constrtlcted another six combinations of dual filters. As a common point of reference all the filters had the same pressure drop or draw resistance, namely 3.6 cm. W. G. at a ßow of 17.5 cc./sec. (though filters with higher pressure drops are in common use) and all single and dual filters had an overalllength of 15 mm.
CHEMICAL AND SPECTROPHOTOMETRIC TESTS
For the determination of formaldehyde, hydrogen cyanide and acrolein, groups of eight cigarettes were smoked and the portion which passed a Cambridge Filter was collected and assayed for each of. the respective compounds by modifications of standard methods q~oted in the Iiterature (13, 14, 15) . Due to different processing requirements only one compound could be assayed from each group of eight cigarettes. The efficiency of each type of single. or dual filter was determined by running control versus filter cigarettes. Deternünations of nicotine and phenol as total phenols were made using the modified Willits method for nicotine, and a colorimetric method based on diazotized p-nitroaniline for phenols, using Cambridge Filters as collection devices. The direct method was used to determine the efficiency of the test filter, that is the amount of phenol and nicotine in the filter tip was determined as well as that retained in the trapping device. In all cases in these and later chromatographic tests, standard EngÜsh cigarettes cut to ·55 mm. lengths were smoked to a 9 mm. tobacco butt using a smoking cycle of 3 5 ml. puff of 2. seconds duration once per minute. It is also interesting to see the difference between the three basic carbon types shown. The difference in efficiency towards the higher boiling and lower boiling point compounds is accentuated as we go from carbon on paper ( Figure 2d ) through carbon on acetate ( Figure 2e ) to carbon alone ( Figure 2f ). The efficiency of the carbon filters towards the low boiling compounds is inBuenced partly by the amount and type of carbon present and partly by the physical construction of the filter. Figure 3 shows the patterns obtained from six dual filters made up from selections of the previous six basic filters. A particularly important point to be stressed in connection with these dual filter charts is that some of the combinations of filters shown are non-typical of the actual combinations which would be used on commercial cigarettes. In order to have a common reference point in these comparisons we have deliberately constructed all the 7 1 /t mm. filter components used in these dual filters with the same pressure drop, whereas in the case of commercial bonded carbon filters, for example, an outer filter with a higher efficiency for particulate matter would normally be used. This would mean that the phenol and nicotine figures would be much higher in a normal typical dual filter of this type. Figure 3 a shows the effect of combining 7 1 /z mm. lengths of paper and acetate. It will be observed that the nicotine retention of the combination is better than that for acetate alone and the phenol retention is better than that for paper alone. The remaining combinations all include a carbon portion of one type or another. Figures 3 b, c and e show the results obtained when non-vapour phase active filters are combined with medium efficiency carbon filters, and each of these three have produced a result which is approaching an equal removal of all the constituents measured. It will be noted again that the paper based filter removes more nicotine while the acetate filter removes more phenol. Figures 3d and f shows the result obtained where a non-vapour phase active filter is combined with a high efficiency bonded carbon filter. In this case the overall effect is biased in favour of high volatiles removal and relatively low removal of nicotine and phenol at this P.D. Ievel. In a more typical case of this type of filter the phenol and nicotine retentions would be raised to values of 65 and 45 respectively by increasing the efficiency of the outer non-vapour phase active portion without substantially affecting the vapour phase efficiencies.
TESTS BASED ON GAS CHROMATOGRAPHY
We now come to the second part of this paper, which describes a new chromatographic method for the examination of the more volatile compounds in the particulate phase of tobacco smoke, and the effect of various filters on their pattern in the smoke. For convenience, we shall refer to this range of compounds, whose boiling points He between 50° C and 250° C approximately, as the "semi-volatiles". Also included in this group are the various flavouring agents, humectants arid other tobacco and filter additives. Two special pieces of apparatus have been devised for this work, they are:
1.. An All-Glass Cambridge Filter Unit
This is shown in Figure 4· The unit is constructed so that the filter pad is held by compression around its edge when the cone and socket are fitted together. The !arge joint is lubricated with silicone grease and held together by two springs; a narrow tube is sealed inside it to reduce the internal volume. The total volume traversed by smoke is shown by the hatched region. The cigarette is attached at the B. 10 cone, and after smoking·the unit can be transferred to the distillation apparatus without opening it up or disturbing the filter pad, so avoiding any evaporation losses.
A Tube for the Collection, Solution and Sampling of Distilltites
The construction is seen in Figure 5 , and is basically a narrow bore U-tube, fitted at one end with a wider bore entry tube and B. 10 socket for connection to the Cambridge Filter unit, and at the outlet end with a small sampling bulb. The wider bore entry tube prevents blockage due to condensate freezing when entering the cold zone. The tube permits the solution of distilled i ! j J "semi-volatiles" in a small volume of solvent (0.5 ml.) and withdrawal o f aliquots ""ithout loss of the more volatiJe compounds. until the contents melt, the outlet end is sealed with a ruhher cap. Holding the stopper in firm.ly, the tube is positioned so that the liquid is all transferred into the wider tubing, with the stopper downward. In this position, the tube can be shaken vigorously to dissolve the condensate and mix the solution. The solution is now transferred to the bulb by turning the tube with gentle tapping. With the solution in the bulb, an aliquot can be withdrawn by syringe via the silicone ruhher septum cap. Chromatography
The'.instrument we have used is the Perkin-Elmer Model Soo dual column flame ionisation, temperature programmed, gas chromatograph. The columns are 6' X 1 /•" copper tubing, packed with 2o 0 /o "Carbowax 20 M" on "Celite". The carrier gas is nitrogen, flow rate 55 ml./minute.
A 1.0 ~-tl. aliquot of the "semi-volatiles" solution is chromatographed, isothermally at So ° C for 5 minutes to clear the solvent peak, then with temperature programming at 3.3° C/min. up to 200° C, continuing at this temperature until no further elution occurs. The time taken is about 70 minutes including column clearing. A typical chromatogram is shown in Figure 8 , from which it can be seen that there are more than 40 distinct peaks. The resolving power of the packed columns used is undoubtedly insufficient to give separation of all the compounds actually present, but the separation of major constituents is adequate. Some of these have been identified so far, e. g. benzene (peak 3), diacetyl (peak 4), toluene (peak 8), dipentene (peak 1.2), furfural (peak 24), ni.cotine (peak 39), phenol and o-cresol (peak 40), by peak trapping and re-chromatographing on various other columns, together with infra-red spectrophotometry. Other peaks have been tentatively identified and'this work is still in progress. Retention values of filters for several major peaks have been calculated from peak heights by comparison of filtered and unfiltered smoke. Each test was run in duplicate, the control value being the mean of several unfiltered smokes run on different days. Allowance is made. for syringe error and day-to-day sensitivity variations by the use of ethyl caproate as intemal standard, all peak heights on each chromatogram being correlated to an average peak height for the standard. The resultant patterns of efficiency for each measured peak nurober for the six filter types pre- viously discussed are shown in Figure 9· We can expect some of the differences between filters already observed to show up here also; for example, the first few peaks are due to low boiling compounds and they are, therefore, most affected by carbon filters. Total phenols were seen to be retained strongly by acetate, and this is also shown in the last peak, phenol + o-cresol, although there are differences in some cases between the retentions of total phenols and of phenol + o-:-cresol only. This is due, we feel, to the greater volatility of phenol as opposed to the group "phenols".
In the central region of the charts, we have a series of compounds, the retentions of which are also greatly influenced by the type of filter, some being affected by the solvent additive effect as with phenols, others by adsorbents and some by both. In general the group of compounds shown in these c:harts have boiling points which lie between acrolein and phenol in the first series of c:harts ( Figures .2. and 3) . Combinations of the six basic types into dual filters, seen in Figure 10 , again shows the Variation in result that can be obtained. These pattems provide us with an over-all picture of the behaviour of a filter towards an important part of the smoke in one Operation, rather than building up such a picture from a number of separate determinations. This is useful in assessing ways in whic:h a certain desired filtration effect can be ac:hieved, and in the investigation of the performance of new filter materials and additives.
It should be remernbered that eac:h filter type mentioned is capable of variation · within itself and that the results quoted are for a particular Ievel of pressure drop only. It is planned to extend this investigation by further refinements of the techniques.
THE EXAMINA TION OF FLA VOURS, ETC. IN TOBACCO SMOKE
It was mentioned earlier that flavours, humectants and other additives are found in the 11 semivolatile11 region of the smoke and it is appropriate to include them in the present paper since they affect the · composition of the smoke, they can be derived from filters and they can be determined by the c:hromatographic method described. For example, the determination of the menthol content of smoke can be made by preparing a solution of the 11 semi-volatiles 11 as before, and c:hromatographing the solution on a 6' X 1 /4 11 mixed column containing 10°/o 11 Carbowax :zo M" and 5°/o sucrose acetate isobutyrate on "Celite 11 . The temperature is programmed, starting from 1oo° C, to :zoo° C at 5° C/minute. With a nitrogen carrier gas flow of 55 ml./minute, menthol is eluted in 17 minutes and the total tiine is about 40 minutes. Calibration is by injection of standard menthol solutions in the usual way. Interference from normal smoke constituents, humectants, etc. is negligible and in fact the same procedure and columns can be used similarly for the measurement of propylene glycol in tobacco smoke ( Figure 11 ). In some cases, a preliminary separation of unwanted material in the 11 semi-volatiles" solution can be effected by the use of a two phase solvent system in the receiver U-tube -nicotine can be removed by an acid/solvent system, or glycols removed by a petroleuro ether/water system -the partiewar conditions of chromatography, time required, solubility, etc. being chosen in eac:h case to obtain the best result. 
